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SOLENOID-OPERATED  FLUID  PRESSURE  REGULATOR  VALVES 

This  invention  relates  to  fluid  valve  assemblies 
as  specified  in  the  preamble  of  claim  I,  for  example 
as  disclosed  in  US-A-3  688  607. 

As  is  commonly  known  in  this  art,  solenoid- 
operated  valves  such  as  those  used  in  automatic 
transmission  control  systems  are  fully 
microprocessor-compatible,  but  typically  suffer 
from  high  hysteresis,  ineffective  control  at  very  low 
temperatures,  and  non-linearity.  Furthermore,  such 
solenoid-operated  valves  are  generally  over-sen- 
sitive  to  supply-pressure  variation,  exhibit  low  flow 
capacity,  pulsate  the  control  pressure,  exhibit  sub- 
stantial  power  requirements,  and  degrade  with  pro- 
longed  duty.  Such  pressure  regulator  valves  typi- 
cally  depend  on  the  residence  time  of  a  valve 
element  (or  valve  elements)  at  each  extreme  of 
travel,  operate  independently  of  any  pressure  feed- 
back,  and/or  are  force-dependent  upon  particular 
valve  element  positions  urged  by  the  solenoid. 

The  present  invention  is  concerned  with  provid- 
ing  a  relatively  simple  solution  to  these  problems. 

To  this  end  a  fluid  valve  assembly  in  accor- 
dance  with  the  present  invention  is  characterised 
by  the  features  specified  in  the  characterising  por- 
tion  of  claim  I. 

A  fluid  valve  assembly  in  accordance  with  the 
present  invention  thus  achieves  the  required  result 
by  combining  a  linear  solenoid  with  an  asymmet- 
rical  spool  valve. 

The  fluid  valve  assembly  in  accordance  with 
the  present  invention  has  the  potential  to  utilise  the 
combination  of  a  linear  solenoid  and  an  asymmet- 
rical  spool  valve  to  provide  fluid  pressure  regulation 
and  also  circuit  sequencing. 

The  linear  solenoid,  which  is  also  known  as-  a 
proportional  solenoid,  shunts  off  magnetic  lines  of 
force  with  core  movement,  so  as  to  provide  force 
output  on  the  valve  that  is  a  function  of  coil  current 
independent  of  core  position. 

In  a  specific  embodiment  of  a  fluid  valve  as- 
sembly  in  accordance  with  the  present  invention,  in 
the  form  of  a  solenoid-operated  fluid  pressure  reg- 
ulator  valve,  the  spool  valve  has  spaced  lands  of 
unequal  diameter  arranged  to  open  and  close  an 
exhaust  port  and  a  supply  port  to  a  regulated- 
pressure  port  and  to  provide  an  unbalanced  area 
that  is  acted  on  by  the  regulated  pressure  so  as  to 
effect  a  regulated  pressure  force  on  the  spool  valve 
in  the  force  balance  of  the  same  and  thereby 
produce  an  internal  pressure  feedback.  During  reg- 
ulation,  the  asymmetrical  spool  valve  thus  operates 
as  an  internal  pressure  feedback  pressure  regula- 
tor,  and  the  linear  solenoid  operates  as  a  current- 
to-force  transducer  that  is  independent  of  core  and 
thereby  valve  position  over  its  operating  range. 

By  this  interaction  of  the  current 
dependence/position  independence  of  force  output 
of  the  linear  solenoid  and  the  pressure  feedback  of 
the  asymmetrical  spool  valve,  the  port  communica- 

5  tions  are  made  a  function  of  relative  levels  of  force 
generated  by  the  solenoid  and  the  spool  valve,  and 
in  the  case  of  high  pressure  also  an  opposing 
spring  force.  The  controlled  or  regulated  pressure 
is  a  result  of  a  balance  of  these  forces,  and  thus 

70  the  effect  of  varying  supply  pressure  is  substan- 
tially  reduced,  while  relatively  high  flow  capacities 
can  be  provided,  with  minimum  pulsation  of  the 
controlled  pressure. 

Furthermore,  lower  power  is  required  and  the 
75  flow  rate  is  substantially  unaffected  by  duty  cycle. 

Moreover,  the  supply  port  can  be  eliminated, 
and  the  device  then  used  as  an  electrically  variable 
two-port  pressure  relief  valve  having  high  flow  ca- 
pabilities  which  allow  supply  pressure  regulation. 

20  In  addition,  such  a  two-port  arrangement  can 
also  be  plumbed  to  provide  an  electrically  adjust- 
able  sequencing  of  fluid  circuits. 

In  the  drawings: 
'  Figure  I  is  a  longitudinal  sectional  view  of 

25  one  embodiment  of  a  fluid  valve  assembly  in  ac- 
cordance  with  the  present  invention  as  adapted  as 
a  solenoid-operated  fluid  pressure  regulator  valve 
to  establish  a  clutch  control  pressure  in  a  motor 
vehicle  automatic  transmission  control  system; 

30  Figure  2  is  a  longitudinal  sectional  view  simi- 
lar  to  Figure  I,  but  of  a  three-port,  normally  low- 
pressure  version  .of  a  fluid  valve  assembly  in  accor- 
dance  with  the  present  invention  as  adapted  as  a 
solenoid-operated  fluid  pressure  regulator  valve; 

35  Figure  3  is  a  graph  illustrating  the  force- 
stroke  characteristics  of  the  solenoid-operated  fluid 
pressure  regulator  valves  shown  in  Figures  I  and  2; 

Figures  4  and  5  are  graphs  illustrating  the 
hysteresis  characteristics  at  different  fluid  tempera- 

40  tures  of  the  solenoid-operated  fluid  pressure  regu- 
lator  valves  shown  in  Figures  I  and  2; 

Figure  6  is  a  longitudinal  sectional  view  simi- 
lar  to  Figure  I  but  of  a  twcport  solenoid-operated 
fluid  valve  assembly  in  accordance  with  the 

45  present  invention  as  adapted  as  a  fluid  pressure 
regulator  valve;  and 

Figure  7  is  a  longitudinal  sectional  view  simi- 
lar  to  Figure  I  but  of  another  embodiment  of  a  two- 
port  solenoid-operated  fluid  valve  assembly  in  ac- 

50  cordance  with  the  present  invention  as  adapted  as 
a  fluid  pressure  regulator  valve. 

With  reference  now  to  the  drawings,  there  is 
shown  in  Figure  I  a  fluid  valve  assembly  in  the 
form  of  a  solenoid-operated  fluid  pressure  regulator 
valve  assembly  generally  designated  I0  that  is 
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adapted  to  operate  witn  on  as  an  operating  medium 
in  a  transmission  control  system  so  as  to  alter- 
natively  communicate  a'  supply  line  12  and  an  ex- 
haust  line  14  with  a  control  line  16  so  as  to  provide  a 
linearly  variable  normally  high  control  pressure  in 
the  control  line  16,  to  operate  for  example  a  con- 
verter  clutch  slip  control  (not  shown). 

The  valve  assembly  10  generally  comprises  an 
asymmetrical  spool  valve  18  operated  by  a  linear 
(proportional)  solenoid  20  to  control  communication 
between  the  supply  and  exhaust  lines  12  and  14  and 
the  control  line  16. 

In  the  spool  valve  section  of  the  valve  assem- 
bly  10,  a  cylindrical  valve  housing  22  is  received  in 
a  bore  24  of  a  manifold  26  to  which  the  lines  12,  14 
and  16  are  ported  as  shown.  The  valve  housing  22 
has  axially  spaced  annular  grooves  28,  30  and  32 
in  the  exterior  thereof  that  are  open  in  the  manifold 
bore  24  to  the  respective  lines  12,  14  and  16,  and 
communicate  the  same  via  diametrically  opposite 
ports  34,  36  and  38  respectively  with  the  interior  of 
the  valve  housing.  The  latter  is  formed  with  a 
stepped  bore  39  therethrough  having  a  large-diam- 
eter  portion  40  and  a  small-diameter  portion  42 
which  respectively  receive  a  large-diameter  land  44 
and  a  small-diameter  land  46  formed  on  the  spool 
valve  18,  and  with  the  components  being  oriented 
so  that  the  large-diameter  land  controls  the  exhaust 
ports  and  the  small-diameter  land  controls  the  sup- 
ply  ports. 

The  valve  lands  44  and  46  are  axially  spaced 
such  that  the  control  (regulated)  pressure  ports  38 
remain  open  to  the  space  between  the  lands 
throughout  the  movement  of  the  spool  valve  18 
between  its  supply  and  exhaust  positions,  whereby 
in  the  supply  position  shown  in  Figure  I  the  small 
land  46  opens  the  supply  pressure  ports  34  while 
the  large  land  44  closes  the  exhaust  pressure  ports 
36  to  the  control  pressure  ports  38,  and  in  the 
exhaust  position,  upon  upward  valve  movement, 
the  large  land  opens  the  exhaust  ports  and  the 
small  land  closes  the  supply  ports  to  the  control 
pressure  ports,  to  thus  effect  fluid  supply  or  ex- 
haust  for  the  latter  ports. 

Furthermore,  although  it  is  preferred  that  the 
supply,  exhaust  and  control  ports  be  formed  in 
pairs  as  shown,  they  can  alternatively  be  formed  as 
single  ports,  or  in  a  greater  number  of  divisions, 
depending  on  various  design  and/or  manufacturing 
considerations.  In  any  event,  however,  the  spool 
i/aive  is  considered  to  comprise  basically  a  three- 
port  arrangement,  having  namely  a  supply  port,  an 
sxhaust  port  and  a  control  port. 

The  linear  solenoid  20  of  the  solenoid-operated 
Fluid  pressure  regulator  valve  assembly  10  com- 
prises  a  bobbin  assembly  50  formed  of  two  flanged 
and  pieces  52  and  54  joined  together  by  means  of 
a  sleeve  56.  A  coil  (winding)  58  is  wrapped  about 

and  on  the  bobbin  assembly,  and  is  covered  by  a 
cylindrical  shroud  60.  The  bobbin  end  piece  54  and 
thereby  the  solenoid  is  secured-  by  means  of  a 
threaded  connection  61  to  the  valve  housing  22.  A 

5  bushing  62  is  fixedly  mounted  in  a  bore  64  extend- 
ing  through  the  bobbin  end  piece  54,  and  slidably 
receives  a  plunger  formed  by  a  shaft  66  that  at  its 
upper  end  68  engages  the  spool  valve  18  and  at  its 
lower  end  is  secured  by  means  of  a  threaded 

10  connection  70  to  a  core  72. 
The  core  72  is  movable  with  the  shaft  66  within 

the  bobbin  sleeve  56,  and  has  an  exterior  conical 
shape  74  at  its  upper  end  that  is  receivable  within 
a  correspondingly  shaped  interior  conical  section 

75  76  of  the  bobbin  end  piece  54,  to  thereby  reduce 
the  air  gap  and,  on  upward  core  movement,  shunt 
the  flux  from  the  position  shown,  to  provide  the 
desired  linearity  between  current  and  core  dis- 
placement. 

so  A  plug  78  is  threaded  in  the  upper  end  of  the 
valve  housing  22,  and  a  coil  return  spring  80  re- 
ceived  between  the  plug  78  and  the  upper  end  of 
the  spool  valve  acts  to  urge  the  latter  downwardly 
against  the  solenoid  shaft  66,  downward  movement 

25  of  which  is  limited  to  the  fully  retracted  position 
shown  by  a  snap  ring  82  that  is  retained  in  an 
annular  groove  on  the  shaft  66  and  engages  the 
upper  end  of  the  bushing  62. 

The  coil  return  spring  80  normally  biases  the 
30  spool  valve  to  this  fully  retracted  (supply)  position 

shown,  wherein  the  exhaust  ports  36  are  closed  by 
the  large  spool  valve  land  44  but  the  control  pres- 
sure  ports  38  are  open  past  the  small  land  46  to 
the  supply  ports  34. 

35  The  solenoid  coil  58  is  connected  to  a  DC 
power  supply  84  by  means  of  a  controller  86  of 
conventional  design  that  incorporates  a  pulse- 
width-modulated  driver  circuit  and  is  programmed 
to  provide  the  desired  valve  functions. 

to  With  the  controller  supplying  no  current  to  the 
coil  58,  the  spring  80  is  adjusted  to  provide  a 
preload  to  overcome  the  differential  spool  force 
only,  and  to  provide  a  desired  maximum  control 
pressure  (usually  supply  pressure),  the  differential 

k  spool  force  being  the  force  produced  by  the  control 
pressure  acting  between  the  lands  44  and  46  on 
the  unbalanced  area  of  the  larger  land  44. 

The  spool  valve  lands  44  and  46  form  there- 
between  a  variable  flow  area  path  between  the 

so  ports,  and  if  the  pressure  in  the  control  ports 
should  rise  above  the  desired  level,  the  differential 
spool  force  and  any  additive  solenoid  force  will 
then  work  to  overcome  the  spring  force  to  cause 
the  spool  valve  to  move  in  the  direction  of  commu- 

;5  nicating  the  control  ports  with  the  exhaust  ports. 
Alternatively,  should  the  pressure  in  the  control 
ports  drop  below  the  desired  pressure,  the  spring 
force  will  overcome  the  combined  forces  of  the 

I 
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differential  spool  valve  and  any  additive  solenoid 
force,  and  cause  the  spool  valve  to  move  in  the 
direction  of  communicating  the  control  ports  with 
the  supply  ports,  to  thereby  increase  the  control 
pressure. 

When  the  control  pressure  is  at  the  desired 
pressure  level,  the  forces  balance,  and  the  spool 
valve  is  in  a  position  that  does  not  allow  commu- 
nication  of  the  control  ports  with  either  the  supply 
ports  or  the  exhaust  ports. 

Since  the  control  pressure  is  the  result  of  such 
balance  of  forces,  including  that  of  the  solenoid, 
and  since  the  output  force  of  the  solenoid  is  pro- 
portional  to  the  current  supplied  thereto  and  in- 
dependent  of  spool  valve  position,  operation  of  the 
controller  to  supply  and  vary  current  to  the  sole- 
noid  is  effective  to  accurately  adjust  the  control 
pressure  to  the  desired  level  of  control  pressure  in 
a  linear  manner,  thereby  causing  the  control  pres- 
sure  to  decrease  from  a  maximum  at  the  lowest 
current  in  proportion  to  increasing  current  supply 
(see  curve  88  in  Figures  4  and  5). 

Furthermore,  since  the  solenoid  current  is  con- 
trolled  by  a  pulse-width-modulated  driver  circuit, 
with  the  pulsing  nature  of  the  current  affecting  the 
amplitude  of  movement  of  the  solenoid  core  and 
thus  of  the  spool  valve,  the  amplitude  is  thus 
controlled  by  the  pulse-width-modulated  frequency, 
and  serves  to  reduce  hysteresis.  As  a  result,  there 
is  provided  a  highly  desirable  linear  force  versus 
valve  stroke  characteristic,  as  depicted  in  Figure  3, 
with  practically  no  hysteresis  at  a  low  operating 
transmission  oil  temperature  such  as  33  °C,  as 
shown  by  the  closed-loop  curve  88  in  Figure  4,  as 
well  as  at  a  high  operating  temperature  of  I00°C, 
as  shown  by  the  closed-loop  curve  90  in  Figure  5 
(the  graphs  in  Figure  4  and  5  being  plots  of  control 
pressure  against  current  to  the  solenoid  coil). 

With  conventional  time-modulated  solenoid-ac- 
tuated  valve  systems,  high  force  levels  with  short 
time  constants  are  normally  required  to  minimise 
and  stabilise  valve  member  position  transition  time. 
To  achieve  high  force  levels  with  short  time  con- 
stants,  these  devices  normally  require  solenoids  of 
relatively  high  power  and  low  inductive  reactance. 
Fluid  valve  assemblies  in  accordance  with  the 
present  invention  do  not  depend  on  time  modula- 
tion,  and  therefore  inherently  require  less  power. 

Moreover,  valve  member  transition  time  is  not 
a  critical  factor  in  fluid  valve  assemblies  in  accor- 
dance  with  the  present  invention,  and  thus  longer 
and  larger-area  ports  can  be  used  to  increase  the 
flow  to  very  high  rates. 

For  those  uses  in  which  the  control  pressure  is 
normally  low,  there  is  provided  a  three-port  low- 
pressure  version  of  a  pressure  regulator  valve  con- 
stituting  a  fluid  valve  assembly  in  accordance  with 

the  present  invention,  as  shown  in  Figure  2, 
wherein  the  same  reference  numerals  as  in  Figure  I 
but  primed  (in  the  fashion  N')  designate  structure 
and  related  matter  similar  to  that  in  Figure  I. 

5  Specifically,  in  the  normally  low-pressure  ver- 
sion  the  valve  assembly  10'  is  reversed  relative  to 
the  solenoid  20',  and  the  spring  80',  which  is  now 
of  larger  diameter,  is  positioned  about  the  solenoid 
plunger  66'  between  a'  radially  outwardly  projecting 

10  annular  seat  I00  formed  thereon  and  an  annular 
seat  I02.  The  annular  seat  I02  is  formed  on  the 
bobbin  end  piece  54'  at  a  place  formerly  occupied 
by  the  lower  end  of  the  plunger  bushing  62',  which 
has  been  shortened  accordingly  and  remains  fixed 

75  in  the  bore  64'. 
With  such  re-arrangement,  the  fluid  pressure 

force  from  the  differential  spool  area  then  works 
against  the  linear  solenoid  to  effect  a  force  balance 
to  control  the  pressure  at  the  control  ports  38'.  For 

20  example,  with  no  solenoid  current  the  differential 
spool  force  works  to  move  the  valve  18'  downwardly 
to  communicate  the  control  ports  38'  with  the  ex- 
haust  ports  36'  and  provide  minimum  pressure  at 
the  former  ports. 

25  Variations  in  the  control  pressure  are  accom- 
plished  in  the  same  manner  as  with  the  normally 
high-pressure  device  shown  in  Figure  I  except  for 
the  reversed  placement  of  the  supply  and  exhaust 
ports  and  spool  valve  asymmetry.  As  a  result,  the 

30  solenoid  current,  which  remains  proportional  to  out- 
put  force,  is  then  generally  inversely  proportional  to 
the  desired  control  pressure. 

The  return  spring  80'  has  a  substantially  lower 
rate  than  the  corresponding  spring  80  in  Figure  I, 

35  and  is  set  with  a  low  preload  to,  in  this  instance, 
just  ensure  opening  of  the  exhaust  ports  to  provide 
zero  pressure  at  minimum  or  zero  current.  The 
spring  80'  does  not  in  this  version  present  a  signifi- 
cant  force  in  the  balancing  of  the  valve  forces  to 

40  control  the  pressure,  and  can  be  omitted  where 
such  exhaust  port  opening  assurance  is  not  an 
important  factor. 

As  with  the  high-pressure  device  shown  in  Fig- 
ure  I,  the  low-pressure  device  shown  in  Figure  2 

45  has  been  found  to  exhibit  practically  no  hysteresis 
in  low-pressure  usage  at  the  low  fluid  operating 
temperature  of  33  °C,  as  shown  by  the  closed-loop 
control  pressure  versus  solenoid  current  curve  88' 
in  Figure  4,  as  well  as  at  the  high  fluid  operating 

so  temperature  of  100°  C,  as  shown  by  the  closed-loop 
curve  90'  in  Figure  5.. 

Certain  fluid  power  systems  such  as  those  with 
a  pump  deliver  specific  output  pressures  that  are 
inversely  proportional  to  the  output  flow.  At  various 

55  supply  operating  conditions,  the  levels  of  pressure 
and  flow  may  change,  but  this  overall  inverse  rela- 
tionship  remains.  With  these  systems,  the  line 
pressure  is  a  function  of  the  total  output  flow  and 

4 
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supply  conditions  (eg  pump  speed  and  fluid  tem- 
perature).  A  further  variation  of  the  solenoid-op- 
erated  fluid  valve  assembly,  in  the  form  of  a 
solenoid-operated  fluid  pressure  regulator  valve,  in 
accordance  with  the  present  invention  is  operable 
to  adjust  the  total  system  output  flow  to  regulate 
system  supply  line  pressure,  and  is  shown  in  Fig- 
ure  6  as  configured  for  normally  high-pressure  use. 

In  this  version,  wherein  the  same  reference 
numerals  as  in  Figure  I  but  double-primed  "(in  the 
fashion  N")  are  used  to  designate  structure  similar 
to  that  in  Figure  I,  the  intermediately  located  con- 
trol  ports  and  associated  circuit  are  omitted,  result- 
ing  in  a  two-port  arrangement  wherein  the  supply 
line  pressure  at  the  supply  ports  34"  acts  on  the 
unbalanced  area  of  the  spool  valve  18"  to  produce  a 
force  that  acts  in  concert  with  the  controllable  force 
of  the  solenoid  20"  to  oppose  the  force  of  the 
return  spring  "80".  When  supply  pressure  increases 
above  a  predetermined  level,  the  fluid  force  and 
solenoid  force  together  overcome  the  return  spring 
force,  and  the  spool  valve  18"  moves  to  increase 
the  open  flow  area  of  the  exhaust  ports  36",  to  thus 
increase  total  system  flow  and  thereby  lower  the 
supply  system  pressure.  In  the  case  in  which  sys- 
tem  pressure  is  lower  than  the  predetermined  level, 
as  may  for  example  be  due  to  an  increase  in  flow 
in  some  other  part  of  the  system  or  a  lower  pump 
speed,  the  fluid  force  acting  on  the  spool  valve  is 
lower,  and  the  return  spring  then  forces  the  spool 
valve  to  move  so  as  to  reduce  the  open  exhaust 
flow  area  at  the  exhaust  ports  36*,  to  thus  reduce 
the  flow  and  thereby  raise  the  system  pressure. 

Moreover,  with  the  two-port  version  effecting 
flow  that  is  proportional  to  system  supply  pressure, 
a  fast  response/variable  offset  can  be  applied 
through  the  action  of  the  linear  solenoid.  With  these 
control  actuator  characteristics  coupled  to  the  fluid 
supply  characteristics,  variable  pressure/flow  equi- 
librium  points  can  thus  be  achieved.  Furthermore, 
the  two-port  version  of  the  solenoid-operated  pres- 
sure  regulator  valve  can  be  configured  in  a  nor- 
mally  low-pressure  configuration,  as  well  as  the 
normally  high-pressure  configuration  shown  in  Fig- 
ure  6,  in  the  same  manner  as  the  three-port  low- 
pressure  version  shown  in  Figure  2. 

Many  fluid  power  circuits  are  configured  so 
that  a  certain  sequence  of  separate  actuation 
events  occur,  based  on  a  rising  pressure  in  a 
single  control  line.  Automatic  adaptive  schemes  are 
almost  impossible  to  implement,  since  adjustments 
to  time  between  phases  are  typically  required,  and 
are  very  difficult  to  accomplish  in  such  devices 
after  initial  calibration.  The  two-port  version  of  the 
solenoid-operated  pressure  regulator  valve  shown 
in  Figure  7  forms  a  readily  variable  fluid-sequen- 
cing  device  to  meet  such  needs.  In  this  version, 
wherein  the  same  reference  numerals  are  used  as 

in  Figure  I  but  triple-primed  (in  the  fashion  N")  to 
designate  structure  similar  to  that  in  Figure  I,  the 
intermediately  located  control  ports  are  omitted,  as 
in  the  two-port  version  in  Figure  6,  but  in  this 

5  instance  the  remaining  ports  34"  and  36"  are 
connected  by  way  of  the  lines  12"  and  14"  to  a 
primary  and  a  secondary  circuit  respectively. 

The  primary  circuit  ports  34"  allow  a  rising 
pressure  signal  that  is  applied  to  a  controlled  de- 

70  vice  (not  shown)  earlier  in  the  sequence  to  also  be 
applied  to  act  on  the  differential  area  of  the  spool 
valve  18".  As  before,  the  fluid  force  thereby  gen- 
erated  acts  in  conjunction  with  the  variable  force  of 
the  linear  solenoid  20"  in  opposition  to  the  force  of 

75  the  return  spring  80"  . 
Communication  between  the  ports  34"  and  36" 

is  prevented  until  the  primary  circuit  pressure  at 
the  former  ports  rises  to  a  predetermined  level 
established  by  the  opposing  solenoid  and  spring 

20  forces.  When  such  level  is  reached,  however,  the 
spool  valve  18"  moves  to  uncover  the  secondary 
ports  36",  and  thus  allow  pressure  to  rise  in  the 
secondary  circuit  as  a  result  of  connection  of  the 
line  12"  to  the  line  14". 

25  The  Figure  7  device  thus  provides  a  rapidly 
variable  control  for  sequencing  two  fluid  lines 
(circuits).  Moreover,  this  device  can.  also  be  config- 
ured  in  a  normally  open  manner  wherein  the  sec- 
ondary  circuit  would  communicate  with  a  rising 

30  primary  circuit  until  the  latter  reached  a  predeter- 
mined  pressure  level,  and  above  this  level  the 
device  would  block  interconnection  of  the  two  cir- 
cuits  so  that  the  circuits  could  then  operate  sepa- 
rately. 

35 

Claims 

I.  A  fluid  valve  assembly  in  which  a  solenoid 
40  (20)  has  a  core  (72)  that  acts  on  a  spool  valve  (18) 

having  spaced  lands  (44,46)  of  unequal  diameter, 
to  effect  controlled  communication  between  at  least 
two  ports  (12,14,16),  characterised  in  that  the  sole- 
noid  (20)  has  a  flux  path  such  as  to  effect  an  output 

45  force  on  the  core  (72)  that  is  proportional  to  current 
supplied  to  the  solenoid  (20)  and  independent  of 
core  position  within  a  finite  displacement  range, 
and  that  the  unequal-diameter  lands  (44,46)  of  the 
spool  valve  (18)  form  therebetween  a  variable-area 

so  flow  path  between  the  ports  (12,14,16)  and  also  a 
fluid  pressure-unbalanced  area  acted  on  by  fluid 
pressure  at  one  (16)  of  the  ports  (12,14,16)  so  as  to 
impose  a  controlled  fluid  force  on  the  spool  valve 
(18)  to  ultimately  control  the  communication  thereby 

55  between  the  ports  (12,14,16). 
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2.  A  fluid  valve  assembly  according  to  claim  I, 
characterised  in  that  the  controlled  fluid  force  is 
imposed  on  the  spool  valve  (18)  in  a  direction 
opposing  the  solenoid  output  force. 

3.  A  fluid  valve  assembly  according  to  claim  I,  5 
characterised  in  that  spring  means  '(80.)  acts  on  the 
spool  valve  (18)  in  a  direction  opposing  the  solenoid 
output  force,  and  that  the  controlled  fluid  force 
imposed  on  the  spool  valve  (18)  acts  in  the  same 
direction  as  the  solenoid  output  force.  w 

4.  A  fluid-  valve  assembly  according  to  any  one 
of  claims  I  to  3,  characterised  in  that  the  fluid  valve 
is  a  fluid  pressure  regulator  valve  (10),  the  ports 
(I2,I4,I6)  of  the  spool  valve  (18)  comprise  a  supply 
port  (12),  an  exhaust  port  (14)  and  a  control  port  (16),  75 
and  the  spool  valve  (18)  alternatively  communicates 
the  supply  port  (12)  and  the  exhaust  port  (14)  with 
the  control  port  (16)  to  establish  a  regulated  pres- 
sure  in  the  control  port  (16),  with  the  unbalanced 
area  of  the  spool  valve  (18)  being  acted  on  by  the  20 
regulated  pressure  so  as  to  effect  a  regulated  fluid 
pressure  force  on  the  spool  valve  (18). 

5.  A  fluid  valve  assembly  according  to  claim  4, 
characterised  in  that  the  regulated  pressure  acts  on 
the  unbalanced  area  between  the  lands  (44,46)  of  25 
the  spool  valve  (18)  such  that  the  regulated  fluid 
pressure  force  on  the  spool  valve  (18)  is  effective  to 
balance  the  spool  valve  (18)  in  such  pressure  regu- 
lation. 
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